• BCNW were incorporated into thermoplastic corn starch nanocomposites 24 (TPCS) 25 • Colourless TPCS/BCNW nanocomposites were prepared by melt blending 26 process 27 • BCNW enhanced oxygen barrier up to 95% as compared to the neat TPCS 
Abstract

48
In the present study, property enhanced thermoplastic corn starch (TPCS) 49 nanobiocomposites containing bacterial cellulose nanowhiskers (BCNW) prepared by 50 melt mixing were characterized in terms of morphology, mechanical, optical and barrier 51 properties. Improved barrier to water vapour and oxygen at high relative humidity 52 (80%) was noticed, reaching the best performance at 15 wt% BCNW loading with a 53 maximum drop of 46% and 95% for water and oxygen permeability, respectively. In a 54 second approach, the optimized nanobiocomposites (containing 15 wt% BCNW) were 55 successfully hydrophobized by coating them with electrospun poly(3-hydroxybutyrate) 56 (PHB) or electrospun PHB-BCNW fibres. To this end, hybrid electrospun PHB fibres 57 reinforced with highly dispersed crystalline BCNW in solutions concentrations up to 15 58 wt% were directly electrospun onto both sides of TPCS nanobiocomposites containing 59 15 wt% BCNW. Similar coated structures prepared without BCNW were developed and 60 characterized for comparative purposes. The methodology used resulted in good 61 adhesion between the layers, also leading to enhanced barrier performance. 62 Interestingly, the incorporation of BCNW in one of the layers led to a decrease on the 63 oxygen permeability values showing no significant differences between multilayer films 64 incorporating BCNW whatever the layer where the BCNW were located. However,
INTRODUCTION
75
The increasing demand for biodegradable plastics for packaging based on renewable 76 resources has led to the consideration of polysaccharide and proteins as raw materials. 77 One of the major constraints when replacing synthetic polymers with natural ones is 78 that, in most cases, films cannot be produced using industrial processes by means of 79 extrusion, melt-mixing or other processing equipments because they are not 80 thermoplastic materials and they can be degraded during thermal processing. Some of 81 these biopolymers are manufactured by casting, which involves drying times that are 82 too long to permit large-scale manufacturing (Fabra et al., 2011 , Jiménez et al., 2012a Liew and Ramesh, 2015). As a solution to this problem, the production of starch 84 composites by thermoplastic treatment is an interesting option. Starch, a natural 85 polymer, is one of the most promising candidates especially due to its attractive 86 combination of low price, wide availability, high purity, non-toxicity and 87 biodegradability and environmental compatibility (Xu, Kimb, Hanna and Nag, 2005) . 88 Although native starch is not a thermoplastic material, it can be processed like contents, it has to be considered that in the particular case of food packaging 98 applications, where gas permeability is a key factor for the packaged product shelf-life, 99 it is necessary to select the correct type and amount of plasticizer in order to obtain a 100 good balance between mechanical and barrier performance for BCNW with respect to the TPCS weight, and they were subsequently compression 186 moulded into films using the hot-plate hydraulic press (130 ºC and 2MPa for 5 min).
188
Preparation of nanostructured PHB/BCNW coatings.
189
Electrospun hybrid fibres were generated from PHB-BCNW solutions in TFE. Based on distance between the needle and the collector was 10 cm and the voltage was 14 kV.
208
The flow rate was 0.6 mL/h. 
279
The transparency of the films was determined through the surface reflectance spectra in where R is the reflectance of the sample layer backed by a known reflectance Rg. was slightly different to the neat TPCS (see Figure 1) . These results agreed with those 402 found for internal transmittance values in which a significant reduction was noticed for 403 multilayer films (see Table 3 Ti values, measured at 550 nm). Over the wavelengths 404 considered, multilayer samples showed similar internal transmittance patterns than 405 TPCS and its nanocomposites. Therefore, only the internal transmittance values 406 measured at 550nm are given in this case. As deduced from Table 3 , the internal 407 transmittance reduction was enhanced by the presence of BCNW which was caused by 408 the scattering of the nanofillers. In any case, internal transmittance spectra were above 409 75 % for all the samples indicating good transparency of the films.
410
The mechanical properties of multilayer structures are summarized in Table 3 . In Table 3 
